All reactions were performed in Schlenk tubes under argon atmosphere. THF was distilled over sodium/benzophenone. Liquid chromatography separations were achieved on silica gel . Nuclear magnetic resonance spectra were acquired using Bruker AC-300 (300 MHz and 75 MHz for 1 H and 13 C respectively) or Avance 500 spectrometer (500 MHz and 125 MHz for 1 H and 13 C respectively). 1 H chemical shifts () are given in ppm relative to the solvent residual peak, and 13 C chemical shifts relative to the central peak of the solvent signal. High resolution mass spectra measurements were performed at the Centre Régional de Mesures Physiques de l'Ouest (CRMPO) in Rennes. Experimental Procedures: 5-O-(tert-butyldiphenylsilyl)-1,2-O-isopropylidene-α-D-xylofuranose (2a) was prepared as previously described. 1 2,3:5,6-di-O-cyclohexylidene-α-D-mannofuranose (2b), 1,2:5,6-di-O-isopropylideneα-D-glucofuranose (2c), 1,2:5,6-di-O-cyclohexylidene-α-D-glucofuranose (2d) and 1,2:5,6-di-O-isopropylidene-α-D-allofuranose (2e) are commercially available.
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S-3 addition of an aqueous saturated solution of sodium and potassium tartrate (10 mL) at 0 °C. After stirring for 30 min at rt, extraction with Et 2 O and drying over anhydrous Na 2 SO 4 , the solvent was evaporated under reduced pressure, and 2-iodoferrocenemethanol (5) was isolated as orange crystals by purification by flash chromatography on silica gel (eluent: heptane/EtOAc 88/12). HPLC analysis on a chiral stationary phase (AS-H column, eluent: hexane/isopropanol 90/10, 1 mL/min, λ = 252 nm) gave two well separated peaks for the two enantiomers of 2-iodoferrocenemethanol (R-5, 12.5 min, and S-5, 22.2 min). Treatment with DIBAL-H (see above) afforded 2-iodoferrocenemethanol (5) in 61% yield, and 22% ee (R). 4 
1-O-(2-iodoferrocenecarbonyl)-2,3:5,6-di-O-cyclohexylidene-α-D-mannofuranose
(diastereomeric mixture) (4b) 2 was prepared from 3b (0.83 g), but could not be separated from the starting material (estimated yield: 50%). A 17% de was estimated by NMR. The treatment of one fraction containing only the main diastereomer with DIBAL-H (see above) afforded (S)-2-iodoferrocenemethanol (S-5). 4 3-O-(2-iodoferrocenecarbonyl)-1,2:5,6-di-O-isopropylidene-α-D-glucofuranose (diastereomeric mixture) (4c) 2 was prepared from 3c (0.94 g), and was isolated (eluent: heptane/EtOAc 93/7) in 86% yield. A 54% de was determined by NMR. One fraction containing the major diastereomer S P -4c was isolated as an orange solid: mp 61-66 °C; 1 Hz), 5.53 (d, 1H, J = 2.9 Hz), 5.95 (d, 1H, J = 3.5 Hz). 13 (5) in 86% yield, and 32% ee (S). 4 
5-(tert-butoxycarbonylamino)-5-deoxy-3-O-(2-iodoferrocenecarbonyl)-1,2-O-isopropylidene-α-
D-xylofuranose (diastereomeric mixture) (4f) 2 was prepared from 3f (2.0 g), but using 2,2,6,6-tetramethylpiperidine (1.7 mL, 9.0 mmol), BuLi (9.0 mmol) and ZnCl 2 ·TMEDA (0.90 g, 3.0 mmol), and was isolated (eluent: heptane/EtOAc 96/4 to 90/10) as an orange solid (yield: 70%): mp 72-77 °C; 1 
6-(tert-butoxycarbonylamino)-6-deoxy-5-O-(2-iodoferrocenecarbonyl)-1,2-O-isopropylidene-3-
O-methyl-α-D-glucofuranose (diastereomeric mixture) (4g) 2 was prepared similarly from 3g (1.1 g): mp 72-77 °C. 1 
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X-ray diffraction analysis of compounds R P -1 and S P -1
The sample was studied with graphite monochromatized Mo K radiation ( = 0.71073 Å). X-ray diffraction data were collected at T = 150(2) K using APEXII Bruker-AXS diffractometer. The structure was solved by direct methods using the SIR97 program, 5 and then refined with full-matrix least-square methods based on F 2 (SHELX-97) 6 with the aid of the WINGX program. 7 The contribution of the disordered solvents to the calculated structure factors was estimated following the BYPASS algorithm, 8 implemented as the SQUEEZE option in PLATON. 9 A new data set, free of solvent contribution, was then used in the final refinement. All non-hydrogen atoms were refined with anisotropic atomic displacement parameters. H atoms were finally included in their calculated positions. A final refinement on F 2 with 3349 unique intensities and 172 parameters converged at ωR(F 2 ) = 0.0856 (R(F) = 0.0288) for 3068 observed reflections with I > 2σ(I). CCDC 872139 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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X-ray diffraction analysis of compound 3c
The sample was studied with graphite monochromatized Mo K radiation ( = 0.71073 Å). X-ray diffraction data were collected at T = 100(2) K using APEXII Bruker-AXS diffractometer. The structure was solved by direct methods using the SIR97 program, 5 and then refined with full-matrix least-square methods based on F 2 (SHELX-97) 6 with the aid of the WINGX program. 7 All non-hydrogen atoms were refined with anisotropic atomic displacement parameters. H atoms were finally included in their calculated positions. A final refinement on F 2 with 9694 unique intensities and 567 parameters converged at ωR(F 2 ) = 0.055 (R(F) = 0.0249) for 9093 observed reflections with I > 2σ(I). 
ORTEP figure
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Geometrical Optimization of 3c:
The geometrical (local stabilization) optimization on 3c was performed by changing the dihedral angle between the upper plane of ferrocenyl moiety and the ester carbonyl group (B3LYP/6-31G(d), the structure of ferrocenyl group was fixed). The dihedral angle was fixed with 30° intervals from 0°, which was defined as the conformation to give the major diastereomer of 4c. The calculations were done both in gas-phase and with the SCRF method (PCM, solvent = THF), and both gave the similar results as shown in the following graph.
Two conformations were obtained as similarly most stable structures, which had the dihedral angles of 0° and 180° (to give the minor diastereomer). 
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More detailed calculation was performed starting from these structures (B3LYP or M06/LanL2DZ(Fe)&6-31G(d)). The conformation with the dihedral angle of approx. 0° possessed 2.2 (with B3LYP) or 4.6 (with M06) kcal/mol lower energy than those of approx. 180°, respectively.
In THF (with the SCRF method, PCM), the similar differences (1.6 kcal/mol with B3LYP, and 4.0 kcal/mol with M06) were observed. These calculated results were in accordance with the observed diastereoselectivity in deprotonative metalation of 3c using the lithium-zinc combination.
Computational Details
All calculations were carried with the Gaussian 09 program package. 10 The molecular structures and harmonic vibrational frequencies were obtained using the hybrid density functional method based on Becke's three-parameter exchange function and the Lee-Yang-Parr nonlocal correlation functional (B3LYP) 11 or M06. 12 We used LanL2DZ for Fe and 6-31G(d) for the other atoms. Geometry optimization and vibrational analysis were performed at the same level. All stationary points were optimized without any symmetry assumptions, and characterized by normal coordinate analysis at the same level of theory (number of imaginary frequencies, NIMAG, 0 for minima). The self-consistent reaction field (SCRF) method based on the Polarizable Continuum Model (PCM) 13 was employed to evaluate the solvent reaction field (THF;  = 7.58). 
Cartesian Coordinates and Total Electron Energies
3c (to give the major diastereomer of 4c) Energy (RB+HF-LYP) = -1543.29573099 A.U. 
3c (to give the major diastereomer of 4c) Energy (RM06) = -1542.42061652 A.U. 
3c (to give the minor diastereomer of 4c) Energy (RM06) = -1542.41325353 A.U. 
<SCRF Method (PCM, solvent = THF)>
3c (dihedral angle = 0°) Energy (RB+HF-LYP) = -2683.51374466 A.U. 
Energy (RB+HF-LYP) = -2683.50147000 A.U. 
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Energy (RB+HF-LYP) = -2683.50178647 A.U. 
